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1 
摘要 
目的： 
构建 sST2 重组蛋白以制备单克隆抗体，利用 sST2 单克隆抗体构建双抗体
夹心 ELISA 试剂盒，用于临床人血清中 sST2 的检测。评估 sST2 在心力衰竭中
的诊断价值，并比较 sST2、NT-proBNP 与肾功能的相关性。 
方法： 
1. 对人 sST2 基因进行 PCR 扩增，将目的片段和 PET-30a 载体连接，构建
重组质粒。将重组质粒转入到大肠杆菌中进行原核表达，并通过镍离子亲和柱对
sST2 蛋白进行纯化。然后用 sST2 蛋白免疫 BALB/c 小鼠，制备 sST2 高亲和力
的特异性单克隆抗体。 
2. 采用生物素亲和素系统，构建 sST2 双抗体夹心 ELISA 试剂盒。试剂盒
的构建包括：抗体配对的筛选、反应体系的选择、生物素标记抗体工作浓度的选
择、酶浓度的选择、标准曲线的确定、线性范围、相关性评价、回收率实验以及
精密度评价等。 
3. 利用 sST2 双抗体夹心试剂盒检测临床样本，通过 ROC 曲线分析 sST2 在
心衰中的诊断价值，并比较 sST2、NT-proBNP 与肌酐和肾小球滤过率（glomerular 
filtration rate, GFR）二种肾功能指标的相关性。 
结果： 
1. 成功表达 sST2 重组质粒，并转入到大肠杆菌中进行原核表达，经过蛋白
纯化得到了高纯度的 sST2 抗原。使用该抗原免疫小鼠，成功筛选出 64 株 sST2
高亲和力的特异性单克隆抗体。 
2. 成功筛选出 14G5 和 15G3 两株单克隆抗体作为 sST2 双抗体夹心 ELISA
试剂盒的抗体对，其中 15G3 为捕获抗体，14G5 为检测抗体。最终确定了试剂
盒检测人血清的反应体系和反应条件：采用 ED-11 体系作为最佳反应体系；生
物素标记抗体工作浓度为 1: 250；SA-HRP 工作浓度为 1: 3000；标准曲线的线性
方程为：y=0.081x+0.019，R2=1，线性范围为 0.625 ~ 40 ng/mL；用 40 份临床血
清与 R&D 试剂盒平行测试，Spearman 相关系数为 0.825 (95%CI: 0.691-0.904; 
P<0.001)，表明两者相关性良好；平均回收率为 94.99%，试剂盒准确性良好；批
内及批间 CV 均小于 7%，试剂盒重复性良好。 
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3. sST2 诊断心衰的 ROC 曲线下面积为 0.842，当 sST2 的 Cutoff 值设定为
3.275 ng/mL 时，约登指数最大，其诊断心力衰竭的敏感性为 74.15%，特异性为
82.05%。心衰组的 sST2 水平高于对照组，差异有显著统计学意义（P<0.001）。
心衰患者 sST2 与肌酐、GFR 均无相关性，P 值分别为 0.822、0.081，NT-proBNP
与肌酐、GFR 均有相关性，R 值分别为 0.406 和-0.487 (P<0.001)。 
 
结论： 
1. 本研究利用原核表达系统成功制备出 sST2 重组蛋白，并利用单克隆抗体
制备技术成功制备出 sST2 单克隆抗体。 
2. 本研究筛选出 1 对最优的用于 sST2 检测的配对单抗，确定了该抗体对的
最佳反应体系为 ED-11 体系，并对生物素标记抗体和 SA-HRP 工作浓度进行了
选择，成功地构建了 sST2 双抗体夹心 ELISA 试剂盒，试剂盒各项性能良好，可
初步应用于临床对 sST2 的检测，弥补了国内 sST2 试剂盒的空白。 
 3. sST2 可以用于临床上心力衰竭的诊断。在心衰患者中，sST2 的诊断价
值不受肾功能的影响，在一定程度上优于 NT-proBNP。 
关键词：sST2；ELISA 试剂盒；心力衰竭 
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Abstract 
OBJECTIVE:  
To construct ST2 recombinant protein for preparing monoclonal antibody, and 
then establish a double antibody sandwich ELISA kit for quantitative detection of 
sST2 in clinically. And then assess the diagnostic value of sST2 in heart failure and 
compare the correlation between sST2, NT-proBNP and renal function. 
METHOD: 
1. The human sST2 gene was amplified by PCR and the target fragment was 
ligated with the PET-30a vector to construct the recombinant plasmid. The 
recombinant plasmid was transferred to E.coli for expression and then the protein was 
purified by Mickey ion affinity column. And then immunized with BALBc mice with 
sST2 high affinity specific monoclonal antibody. 
2. Construct sST2 double antibody sandwich ELISA kit by using biotin avidin 
system. The construction of the kit includes screening of antibody pairings, selection 
of reaction systems, determination of the concentration of biotin-labeled antibody and 
the enzyme concentration, determination of standard curve, linear range, correlation 
evaluation, recovery rate test and precision. 
3. Clinical samples were analyzed by using sST2 double antibody sandwich kit. 
The diagnostic value of sST2 in heart failure was analyzed by ROC curve. Compare 
the relevance of sST2, NT-proBNP and creatinine and glomerular filtration rate 
(GFR).  
RESULT: 
1. The recombinant plasmid was successfully constructed and transferred into 
E.coli for expression. The purified sST2 antigen was obtained by protein purification, 
and the mice were immunized with it. At last, 64 specific monoclonal antibodies with 
high affinity for sST2 were successfully screened. 
2. 14G5(capture antibody) and 15G3(detectable antibody) were successfully 
screened an antibody pairs for sST2 double sandwich ELISA kit. The reaction system 
and reaction conditions were follows: using ED-11 system as the best reaction system; 
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the working concentration of the biotin-labeled antibody was 1:250; the concentration 
of HRP was 1:3000; The linearity of the standard curve is: y = 0.081x + 0.019, R
2 
= 1, 
the linear range is 0.4 ~ 40 ng/mL; with 40 clinical samples and R&D kit parallel test, 
Spearman’s coefficient of rank correlation: 0.825 (95%CI: 0.691-0.904; P<0.001), 
the results show that the both have a good correlation; The average recovery is 94.99% 
and the kit is well tested ; intra-assay and inter-assay CV were less than 7% show that 
the kit reproducibility is good. 
3. The area under the ROC curve of sST2 is 0.842. When the cutoff value of 
sST2 is set to 3.275ng/mL, the sensitivity is 74.15% and the specificity is 82.05%. 
The level of sST2 in the heart failure group was higher than that in the control group, 
the difference was statistically significant (P<0.001). There was no correlation 
between sST2 and creatinine and GFR in patients with heart failure. The values of P 
were 0.822 and 0.081 respectively. NT-proBNP was correlated with creatinine and 
GFR. The R values were 0.406 and -0.487 (P <0.001), respectively. 
CONCULUSION: 
1. sST2 recombinant protein was successfully prepared by prokaryotic 
expression system, and sST2 monoclonal antibody was successfully prepared by 
monoclonal antibody preparation technique. 
2. we selected a pair of the best pair of monoclonal antibodies for sST2 detection. 
The optimum response system of this antibody pair was ED-11 system, and the 
biotin-labeled antibody and SA-HRP concentration were selected. The sST2 double 
antibody sandwich ELISA kit was successfully constructed. It can be used in the 
clinical detection of sST2 and make up for the gaps in the domestic market. 
3. sST2 can be used for the diagnosis of heart failure in clinically. The diagnostic 
value of sST2 is not affected by renal function in heart failure patients, to a certain 
extent, better than NT-proBNP. 
Key words: sST2;ELISA Kit; heart failure 
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第一章 前言 
心力衰竭（heart failure，HF）是指任何心脏结构或功能异常导致心脏充盈
或射血能力受损的一组复杂临床综合征，是各种心脏疾病的终末阶段[1]。目前全
球有近 2300 万人患有心力衰竭[2]，其中美国有近 600 万人患有心力衰竭[3]，而中
国也有近 500 万人患有心力衰竭，占全球总人数的 1/4 左右。心力衰竭发病率和
死亡率很高，4 年生存率与恶性肿瘤相当，严重者 1 年内病死率高达 50%[4]。当
心衰发生时，体内很多神经体液因子和血液动力学都会发生变化。由于这些体征
通常都是非特异性的，所以不容易及时表现出来，等发现症状时往往为时已晚。
因此选择及时有效的心衰标志物，对于心衰的诊断、治疗和预后有着重要的意义。
理想的标志物应满足一定的标准：①非侵入性的样品采集途径；②高度的敏感性
和特异性；③可用于检测该疾病的早期阶段；④能灵敏地反应病情变化；⑤样品
内长半衰期；⑥满足临床需要的快速测量系统；⑦较低的成本。这些年的研究发
现：心肌应激标志物、心肌损伤标志物和细胞外基质循环中的微小 RNA 等在心
衰的诊断和预后中发挥着重要的作用[5]。 
1. 常见的心衰标志物 
1.1. B 型利钠肽 
B 型利钠肽（B-type natriuretic peptide, BNP），是一种心脏激素，被确认为
利钠肽家族的第二复合物，主要在心室机械收缩负荷过重时分泌。心功能逐渐下
降时，心室壁压的升高和神经内分泌的激活促进了心室肌细胞对 BNP 的分泌。
BNP 是第一个被批准能够在临床上用于诊断心力衰竭的生物标志物。无论是心
衰的诊断还是心衰患者的预后，BNP 都发挥着重要的作用[6-9]。Burke 等[10]指出，
对于不同病因引起的和不同左室收缩功能障碍程度的患者，BNP 血清浓度的测
定已被证明是用于识别各种心脏疾病患者的一个非常有效的筛选技术，而左室收
缩功能障碍具有发展成可证实性心力衰竭和心血管事件的风险。目前，有很多研
究已经报道了BNP 在心衰诊断和预后判断中的作用[11-13]。Sonod[14]认为，BNP 作
为一种行之有效的诊断标记物，可用于充血性心衰危险分层、预后以及治疗。但
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